AbsrraCl-An integrated laser-diode \'oI tage dri ver (LDYD) ma king ust or enhan(e men tldepl etion AIGaAs/GaAs quantum-.. e-II high elKlron mobilit y transistors (Q W-HEMT 's) .. ith gate
lengths or O.J I, m has bee n de\·r lopeil. Its large signal bandwidth is 12 GH1_ Eye diagralT\$ of the output signal al bit rates up to 8 Gb/s show an opening similar to th at of the input signal, Supporting material is given Indica ting that the LDYD might operate at bil rales up 10 20 G bls. The max imum output ( Urrent is o"er 90 rnA : the maximum modulalion voltage or 800 mV corresponds to 4O· mA mod ulation (ur~nt for a laser diode with 20-n dynamk rtSista n«, The power co nsum ptio n is less than 500 mW.
I. Im-RODUCTlON T HE laser-diooe driver (LOO) is a key ( ircuit of an optical digi tal commullitation system. Due to the following three reasons. its design is very challenging. Firstly. the requ irements such as large output cunent and high speed are contradictory: for a large current in the range of some 10 mA up to more than 100 rnA. a large driving signal and large output transistors are necessary. Both are unfavorable for high speed. A suitable circuit structure. somc suitable compensation techniques, and a series of optimization steps are necessary.
Secondly, an optimal LOO should ofTer an output signal hav ing a special waveform instead of a square wave. 1be reason is that a square-wave driving signal applied to a laser diode (LO) gives rise to two undesired consequences: a) a large ovcrshoot of the optical power accompanied with a serious Chirping effect at the rising edge, and b) a longer time for switching ofT than for switching on. From [I J it is known th at the ralio of the peak 10 on-state photo densi ty is more than 1.7 for an index-guided laser. and the swi tching-off time toff of the laser is at least 30% greater than the switchingon time Ion. For another LO with an optical power ratio of Pont Pol{ = 10. lofl is even 2.5 times as great as 1 0 " 12]. To improve the performance of LD's at the rising edge, a driving pulse fOnTl with a two-step risi ng edge was shown to be use ful 13], and to reduce lhe swilching-off limc. a slrong undershoot at the falling edge was proposed 14].
Manu""rip< ""~;v~d De«mber4. t992 Ct. and C 2 • was introduced for HF current compensa tion so thai a sharp undershoot could be produced at each trans ition from ZERO to ONE, and the switching-off delay and the fall time were reduced. However, the risi ng edge of the output pulse deviated more from the desired shape wi th the complete [:3 A than without it (see Soction II ).
2) Each of the open.circuited drain pairs. indicated by IDI and 1 02 , can be considered as a current source modulated by the input data signal. When an LO is on-chip connected to one of the outputs. the low-ohmic LO, normally less than 25 n. sets a smaller Miller effect between the gale and the drain of the output transistors. which is beneficial for highspeed application. However. only the cathode of the LO can be connected to one output. Thus. the LOO should be really called an LOCO for both laser-diooe curre nt dri ver and laser-diode cathode driver.
The 15-GHz GaAs/A IGaAs mu ltiquan tum-we ll LO developed at our institute [6] was designed hav ing three mesas in a coplanar ground-signal-ground contact geometry. as shown in Fig. 2. 1lle middle contacl served as the anode. With th is arrangement the LO can be measured di rectly by means of standard coplanar microwave probes wilh ground-signal-ground contacts, but only its anooe can be connected to the driver. When the driver is designed using ava il able GaAs as well as Si-bipolar circuit techniques, we find that it becomes a voltage driver. Therefore. the LOCO ment ioned abov e is unusable. That was the main reason why we developed not only LOCO's but also laser-diooe vo ltage driver (LOVO's). In faci. an LOVO has certain advantages over an LOCO in some cases. as given in the following section.
n. CIRCUIT PRINC IPLE 1lte circuit diagram of our LO VD shown in Fig. 3 was developed on the basis of the LOCD in Fig. I . It consists 0018-920(\,")3$03.00 C t993 lEE!': Fig. I is remo\'cd (see lhe s imulaled wavefonns in Fig. 4) . In addition. fewer devices and less supply c urrent arc needed. 1l1e "ohage signal over 1IV3 is then transmil1ed to the gale of the OUtput E-HEMT /:"F 11 through the source fonowcr romposed of DFs and DF 6 • A D -HEMT was used for Of's.
because il has a near-zero ga le·lo-source de voltage drop. An E · H EMT was used for the OUIPUI tran siSlor because E-HEMT's have a higher lransit frequency (see Table I ).
When the driven LD is direcLly linked to the source of EFll and a $uffic iem din. 'Ct c urrent Hows through il. the vohage sig nal over the resi stor /loll will be effectively coupled to lhe source of E F\1, i.e., to the aoode of Ihe LD. 11Ie cunent 11/ at the dr.tin o f E 1'9 controls the high !c"cI of the output voltage. Simul. ,. d OU lpul pulserorrns or ,"'" main :unpl ifior of the W YO' 0 ) wi,l>o"1 C' A. b) "" i, h 1hc merged C" A. and c) wi,h a <,,",piN" C' A. In comparison to th e LOCO in Fig. I . Ihe LOVD shows further advamages. Firsi. a very large dimension can be used for E F!! because E F" alone is required for the output. and the Miller effect need nOi be taken into consideration. In our de sign the gale width of E F" is O.S mm. For ~ saturated length specific drain curren I of 200 mNmm. the maximum output currem can approach 100 rnA . The OUtput HEMT's in Fig. I must exi 
Ill. SIMULATED RF.SULTS
To gain as much infonnati on as possible, the main amplifier of the LOVO was separately simulated with the following thrte circuit variants: I. without C~ A. 2 . with a complete C 3 A as shown in Fi g. I. and 3. with the merged cJ A as shown in Fig. 3 .
All simulations are carried OUI by usi ng the popular program SPICE·2 and an in·house adapted HEMT model. The corresponding pulsefonns of the output vohage over R D3 are ploned in Fig. 4 . l1lc pulseform of the cireuit with a merged C 3 A is dearly improved. approaching the desired shape. The dynamic characteristic of the compl ete LOVD was simul3ted for two different loads: I . 3 50·0 resistor to match the 50·0 probe, and 2. a composite load. I:Qnsisting of a 20·n resistor and :I 0.53·pF capaci tor in par3l1cl. and 3 1.4· V vo ltage source in serics, 10 simulate a quasi· ideal on-chip LO with 3 limiting frequency of about 15 GHz.
A large·signal bandwidth of aboul 13 GHz was obtained under both loading conditions. The output pulsefonns of the LDVD with a 5()..fl resistor and the composite load are shown in Fig. 5 . The rise times of both pulses are approximately 18 ps (10-90%). l1lc fall time is 15 ps for a 5()..0 resistor and 18 ps for the composite load. In addition. the pulse obtained over the compositc load has a re lative delay of 5 ps. Both the lEU K)lIR"~AI.. Of SOLlO·STATE CIRCUITS. \'01_ :8. NO. 7. JIlLY 1993 Fi,. 
I V. FAHRtCAT1QS
The photomicrograph of 1he I x J·mm 2 chip is shown in Table I .
The precision resislOrs were made using nickel·chromium thin films. For capacitors tlK: MIM s1ruet ure was chosen. The in· ductor.> were realized by short·ci rcuited coplanar wa~eguides.
a.1l
5OI:I'/~lY V. EXPERIMENTAl. R ESUl.TS The chips wcre measured first on wafer using so-n coplanar te st probes. A maximum output currelll of 90 mA was measured with a power consumption of less than 500 mW.
The maximum output yoltage amplitude was 800 mV corresponding to :I modulation current of more Ihan 40 rnA for a LO with a dynamic resistance of less than 20 n. Eye diagram measurements could only be made for bit rates up to 8 ObIs and with si ngle-ended Signals due to the available pattern generator_ Eye diagrams of the input and output signals of an LOVD chip al 8 Gh/s are shown in Fig. 8 . It can be seen that both signal s have almost the same degree of opening. Funhermore. the chips were measured using sine-wave signals.
A maximum large-signal bandwidth of about 12 G Hz was obtained [ II J.
Considering that a 12-0Hz si ne -wave signal is equivalent to a 24-Gb/s data signal of repeated "10" codes. and based on the simulation results and that we obtained an open eye diagram at 20 ObIs from a monolilhically integraled 2 I multiplexer and LOCO whose simulated rise and fall times and measured large-signal ba ndwidth were approxim:llely 40 ps and 10 G Hz. respectively 112J. we are confidem that our LOVO with an on-chip high-speed LD can operate at bit rates up to 20 Gb/s. VI. CONCLUSION We have designed, fabricated . and te sted a laser-diode voltage driver IC u$ing AIGaAs/GaAs quamum -wcll transistors and a capaciTively cOlJ pled current amplifier. The ma,;i mum Output current was 90 rnA. The maximum large-signal bandwidth was 12 G Hz. At bit rate s up to 8 Gb/s tnc eye diagrams of the output signal showed almost the same opening as that of the input signal. The IC has already been used to measure our 1a.'iCT diodes, and will be used in an optical digital transmi tter to drive an on-chip hi gh-speed laser diode at bit rates up 10 20 ObIs.
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